Introduction
============

Fetal congenital cardiac malformation is a common cause of death of perinatal infants. Fetal congenital cardiac malformation has a very negative influence on the quality of newly-born population ([@b1-etm-0-0-7732]). Fetal cardiac malformation is a congenital disease caused by the abnormality that appears in the formation of heart and large blood vessels of fetuses during the development of embryos ([@b2-etm-0-0-7732]). Cardiac malformation poses a serious threat to life and health of fetuses, most fetuses stop developing before birth, and the serious defects that appear in the development of some fetuses may have serious effects on their life even if they are born; thus, it is imperative to carry out early screening of fetal cardiac malformation ([@b3-etm-0-0-7732]). The most common detection method in antenatal care of pregnant women is ultrasonic testing, which has advantages such as non-invasiveness and convenient operation, in addition to clearly showing the physical condition of the fetus. Thus, ultrasonic testing plays an important role in detecting fetal cardiac malformation ([@b4-etm-0-0-7732]).

At present, with the development of scientific technology and medical technology, the detection rate of fetal cardiac malformation is increasing, but due to factors, such as amniotic fluid, fetal position, ventricular septal defect, etc. there are still some misdiagnosis in fetal cardiac malformation by ultrasound ([@b5-etm-0-0-7732]). Two-dimensional ultrasound has been widely used as a basic detection method in clinical diagnosis, however, as it is a planar image, only the image of one side of the fetus can be shown ([@b6-etm-0-0-7732]). However, with the development of scientific technology, four-dimensional ultrasound also has been gradually applied in clinic, and four-dimensional ultrasound can visually show the specific conditions of the heart because of its stereoscopic imaging, which helps to accurately understand the relationship between blood vessels, timely evaluate intracardiac and extracardiac hemodynamics of fetuses and easily observe fetal defects ([@b7-etm-0-0-7732],[@b8-etm-0-0-7732]).

Although some studies have investigated the diagnostic value of ultrasound with different dimensions in fetal cardiac malformation ([@b9-etm-0-0-7732],[@b10-etm-0-0-7732]), the studies, which investigate the diagnostic value of the combined diagnosis of two-dimensional ultrasound and four-dimensional ultrasound, are rare. Therefore, the diagnostic value and clinical classification of the single detection of two-dimensional ultrasound, the single detection of four-dimensional ultrasound and their combined detection in fetal cardiac malformation were compared, in order to provide more data for the diagnosis of fetal cardiac malformation in clinic.

Patients and methods
====================

### General data

In total, 206 high-risk parturients, who received a screening of prenatal fetal cardiac malformation in the Jinan Maternity and Child Care Hospital (Jinan, China) from January 2015 to June 2017, were retrospectively analyzed, and the results of labor induction or newborns of 141 parturients were diagnosed as cardiac malformation, while the fetuses of 65 parturients were diagnosed as non-cardiac malformation. The average age of the parturients was 32.19±4.11 years, the average gestational week was 16.21±2.42 weeks. Inclusion criteria were: the high-risk parturients, who took prenatal examination in Jinan Maternity and Child Care Hospital and whose fetuses had cardiac malformation, were included. Exclusion criteria: the parturients, who had severe hepatorenal dysfunction, severe infections, cognitive disorder or communication disorder, and did not cooperate with the experiment. All the parturients and their family members agreed to participate in the experiment and signed the informed consent form. This study was approved by the Ethics Committee of Jinan Maternity and Child Care Hospital. The basic data are shown in [Table I](#tI-etm-0-0-7732){ref-type="table"}.

Diagnostic methods
------------------

### Two-dimensional ultrasound detection

Color ultrasonic diagnostic apparatus, model number Voluson E6, produced by American GE company, was used. The probe frequency of two-dimensional ultrasound was 3.5 MHz, the probe of four-dimensional ultrasound was RAB4-8-D and the probe frequency was 2.5--7.0 MHz. The abdomen of all the patients was exposed and the patients were in the supine position, and then placenta, amniotic fluid, spine, structure of the four limbs, abdomen, chest, neck, head and face of the fetuses were standardly sectioned and examined under two-dimensional ultrasound. Heart appearance, ventricular septum, pulmonary aorta, mitral valve and other parts of the fetuses were carefully observed, femur length, biparietal diameter, chest circumference, abdomen circumference and other parameters were recorded, the presence or absence of abnormal ultrasound was confirmed.

### Four-dimensional ultrasound detection

Color ultrasonic diagnostic apparatus, model number Voluson E6, produced by GE Healthcare, was used. The probe of four-dimensional ultrasound was RAB4-8-D and the probe frequency was 2.5--7.0 MHz. All the parturients took the supine position and their abdomen was exposed, and then the four-dimensional ultrasound mode was started, the stereoscopic dynamic pictures of the fetuses could be seen. The probe was placed in the area that needed to be probed, then x-axes, y-axes and z-axes were adjusted to appropriate position, the stereoscopic dynamic pictures of the fetuses were collected and carefully observed, and the function-rotation, was used to detect the fetuses when they were found to have an improper position, the detection focused on the heart and lung of the fetuses, the areas that seemed to have lesion were specifically filmed and recorded, and then the presence or absence of cardiac malformation of the fetuses was evaluated according to the images.

### Observation indicators

According to the diagnostic results of labor induction or newborns, the sensitivity, specificity, diagnostic coincidence rate, positive predictive value and negative predictive value of the single diagnosis of two-dimensional ultrasound, the single diagnosis of four-dimensional ultrasound and their combined diagnosis in fetal cardiac malformation, as well as the diagnosis results of different clinical classifications, were compared.

Statistical analysis. In this experiment, SPSS 19.0 (Shanghai Cabit Information Technology Co., Ltd., Shanghai, China) statistical software was used to analyze the experimental data. Chi-square test was used in the enumeration data, t-test was used in the measurement data, P\<0.05 was considered to be statistically significant.

Results
=======

Diagnostic results of fetal cardiac malformation in two-dimensional ultrasound, four-dimensional ultrasound and the combined ultrasound before prenatal period and the results of labor induction or pregnancy. The ratio between the number of cardiac malformation and clinical classification detected by two-dimensional ultrasound, four-dimensional ultrasound and two-dimensional ultrasound combined with four-dimensional ultrasound and the total number of cardiac malformation detected by this method was not statistically significant (P\>0.05) ([Table II](#tII-etm-0-0-7732){ref-type="table"}).

Analysis of the efficiency of two-dimensional ultrasound diagnosis, four-dimensional ultrasound diagnosis, and the combined ultrasound diagnosis. Compared with the fetuses who were born by labor induction and the fetuses who were diagnosed with cardiac malformation after birth, there were 100 cases which were diagnosed with malformation by two-dimensional ultrasound, 120 cases which were diagnosed with malformation by four-dimensional ultrasound, and 135 cases which were diagnosed with malformation by two-dimensional ultrasound combined with four-dimensional ultrasound. The sensitivity, specificity, diagnostic coincidence rate, negative predictive value, and positive predictive value of two-dimensional ultrasound diagnosis were 70.92, 78.46, 73.30, 55.43 and 87.72%, respectively; the sensitivity, specificity, diagnostic coincidence rate, negative predictive value, and positive predictive value of four-dimensional ultrasound diagnosis were 85.11, 89.23, 86.41, 73.42 and 94.49%, respectively; the sensitivity, specificity, diagnostic coincidence rate, negative predictive value and positive predictive value of two-dimensional ultrasound diagnosis combined with four-dimensional ultrasound diagnosis were 95.74, 67.69, 86.89, 88.00 and 86.54%, respectively. The sensitivity of two-dimensional ultrasound diagnosis combined with four-dimensional ultrasound diagnosis was significantly higher than that of two-dimensional ultrasound diagnosis and four-dimensional ultrasound diagnosis, the difference was statistically significant (P\<0.05). The sensitivity of four-dimensional ultrasound diagnosis was significantly higher than that of two-dimensional ultrasound diagnosis, the difference was statistically significant (P\<0.05). The specificity and positive predictive value of four-dimensional ultrasound diagnosis were significantly higher than those of two-dimensional ultrasound diagnosis and two-dimensional ultrasound diagnosis combined with four-dimensional ultrasound diagnosis, the difference was statistically significant (P\<0.05). There was no significant difference between the diagnostic coincidence rate of four-dimensional ultrasound diagnosis and two-dimensional ultrasound diagnosis combined with four-dimensional ultrasound diagnosis (P\>0.05), but the diagnostic coincidence rates of four-dimensional ultrasound diagnosis and two-dimensional ultrasound diagnosis combined with four-dimensional ultrasound diagnosis were significantly higher than that of two-dimensional ultrasound diagnosis, the difference was statistically significant (P\<0.05). The negative predictive values of the combined ultrasound diagnosis and four-dimensional ultrasound diagnosis were significantly higher than that of two-dimensional ultrasound diagnosis, the difference was statistically significant (P\<0.05) ([Tables III](#tIII-etm-0-0-7732){ref-type="table"}--[VI](#tVI-etm-0-0-7732){ref-type="table"}).

Discussion
==========

Congenital cardiac malformation is a common disease caused by congenital factors ([@b11-etm-0-0-7732]). There are many reasons for cardiac malformation, such as chromosomal abnormality and heredity, and with the advancement of society and the development of modern industry, the exposure of pregnant women to chemicals and radiation during gestation period is higher than before, which also leads to the increase of the morbidity of fetal cardiac malformation ([@b12-etm-0-0-7732]--[@b14-etm-0-0-7732]). In general, the condition of cardiac malformation of fetuses can only be detected by ultrasound before birth, because ultrasound is a safe, rapid and effective examination method ([@b15-etm-0-0-7732]). Fetuses with cardiac malformation often have some symptoms after birth, such as lung infection, slow growth, and cardiac murmur, which has a great impact on living quality of children, therefore, the detection of cardiac malformation is particularly important for fetuses ([@b16-etm-0-0-7732]).

Statistics on the diagnostic data of a single diagnosis of two-dimensional ultrasound and four-dimensional ultrasound and the combined diagnosis in different clinical classifications of fetal cardiac malformation, was carried out. The result showed that the number of the patients who were diagnosed by two-dimensional ultrasound in different clinical classifications of cardiac malformation was slightly lower than the number of the patients who were diagnosed by four-dimensional ultrasound, but there was no statistical difference. Also the diagnostic value of the single diagnosis of two-dimensional ultrasound and four-dimensional ultrasound and the combined diagnosis in fetal cardiac malformation was compared. The result showed that the sensitivity of two-dimensional ultrasound combined with four-dimensional ultrasound was significantly higher than that of the single detection of two-dimensional ultrasound and four-dimensional ultrasound (P\<0.05). The sensitivity of the single detection of four-dimensional ultrasound was significantly higher than that of the single detection of two-dimensional ultrasound (P\<0.05). The diagnostic coincidence rates of four-dimensional ultrasound and the combined detection were significantly higher than that of two-dimensional ultrasound (P\<0.05). As a traditional ultrasonic examination method, two-dimensional ultrasound can only show a flat picture of a part of the fetus and can not stereoscopically image the fetus, it cannot show the heart abnormality of the fetus, which leads to limitation of two-dimensional ultrasound in diagnosis of fetal cardiac malformation ([@b17-etm-0-0-7732],[@b18-etm-0-0-7732]). As a new imaging diagnosis method, the stereoscopic imaging of four-dimensional ultrasound can show the whole structure of the heart of the fetus and can also help to observe the image from different angles, which makes it possible to carefully examine the different parts of the fetus and assess the relationship between malformed parts and the tissues and organs around them. The richness of the image of four-dimensional ultrasound is a good complement to the defects of two-dimensional ultrasound ([@b19-etm-0-0-7732]). Studies ([@b20-etm-0-0-7732]) have shown that the diagnostic value of four-dimensional ultrasound is higher than that of two-dimensional ultrasound in the diagnosis of fetal cardiac malformation, which is consistent with our findings. Furthermore, it was also found in our study that the sensitivity of the combined diagnosis of two-dimensional ultrasound and four-dimensional ultrasound was higher than that of the single detection of four-dimensional ultrasound in the diagnosis of fetal cardiac malformation, which suggested that using two-dimensional ultrasound as the basis of ultrasonic test and then performing four-dimensional ultrasound could enlarge the advantages of ultrasound in examination of fetal cardiac malformation and improve detection rate of diseases.

In conclusion, the diagnostic effect of two-dimensional ultrasound combined with four-dimensional ultrasound is good in the diagnosis of fetal cardiac malformation before prenatal period of pregnant women. Two-dimensional ultrasound combined with four-dimensional ultrasound can improve the detection rate of fetal cardiac malformation, which helps medical workers to take timely and effective measures, improves the survival rate of the fetus, and has a positive effect on implementation of good prenatal and postnatal care. It is worthwhile to generalize this method in clinic.
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###### 

General data.

  Items                                      Parturients n=206
  ------------------------------------------ -------------------
  Age (year)                                 
    ≥30                                      122
    \<30                                       84
  BMI (kg/m^2^)                              
    ≥21                                      109
    \<21                                       97
  Educational level                          
    ≥Middle school                           165
    \<Middle school                            41
  Coagulation function                       
    APTT (sec)                               28.31±2.75
    PT (sec)                                 11.82±1.05
    FIB (g/l)                                3.29±0.23
    TT (sec)                                 14.11±1.33
    Average gestational week                 16.21±2.42
  Liver function indicators                  
    Serum total protein (g/l)                70.21±2.42
    Glutamic-pyruvic transaminase (µmol/l)   28.21±4.61
    Total bilirubin (µmol/l)                 11.24±2.12
  Renal function indicators                  
    Creatinine (µmol/l)                      68.37±4.26
    Serum urea (µmol/l)                      5.33±0.85
    Uric acid (µmol/l)                       289.75±12.12

###### 

Comparison among the results of prenatal ultrasound examination, labor induction and pregnancy \[n (%)\].

  Classification                             The results of labor induction or pregnancy   Two-dimensional ultrasound n=100   Four-dimensional ultrasound n=120   The combined ultrasound n=135   χ^2^ test   P-value
  ------------------------------------------ --------------------------------------------- ---------------------------------- ----------------------------------- ------------------------------- ----------- ---------
  Downward displacement of tricuspid valve   13                                            8 (8.00)                           10 (8.33)                           13 (9.63)                       0.228       0.892
  Transposition of aorta                     10                                            7 (7.00)                           8 (6.67)                            9 (6.67)                        0.013       0.994
  Atrioventricular septal defect             15                                            10 (10.00)                         12 (10.00)                          14 (10.37)                      0.013       0.994
  Pulmonary valve stenosis                   12                                            10 (10.00)                         10 (8.33)                           12 (8.89)                       0.189       0.910
  Ventricular septal defect                  28                                            22 (22.00)                         25 (20.83)                          27 (20.00)                      0.140       0.933
  Tetralogy of Fallot                        24                                            20 (20.00)                         23 (19.17)                          23 (17.04)                      0.373       0.830
  Single ventricle                             9                                           5 (5.00)                           7 (5.83)                            9 (6.67)                        0.289       0.866
  Single atrium                              11                                            6 (6.00)                           8 (6.67)                            10 (7.41)                       0.183       0.913
  Other malformation                         19                                            12 (12.00)                         17 (14.17)                          18 (13.33)                      0.225       0.894

###### 

Analysis of the efficiency of two-dimensional ultrasound diagnosis.

  Diagnostic results             Pathogenesis (malformation)   Pathogenesis (not malformation)   Summation
  ------------------------------ ----------------------------- --------------------------------- -----------
  Diagnosis (malformation)       100                           14                                114
  Diagnosis (not malformation)     41                          51                                  92
  Summation                      141                           65                                206

###### 

Analysis of the efficiency of four-dimensional ultrasound diagnosis.

  Diagnostic results             Pathogenesis (malformation)   Pathogenesis (not malformation)   Summation
  ------------------------------ ----------------------------- --------------------------------- -----------
  Diagnosis (malformation)       120                             7                               127
  Diagnosis (not malformation)     21                          58                                  79
  Summation                      141                           65                                206

###### 

Analysis of the efficiency of the combined ultrasound diagnosis.

  Delivery results               Diagnosis (malformation)          Diagnosis (not malformation)          Summation
  ------------------------------ --------------------------------- ------------------------------------- ---------------
  Malformation                   135                                 6                                   141
  Not malformation                 21                              44                                      65
  Summation                      156                               50                                    206
                                                                                                         
  **Diagnostic results**         **Pathogenesis (malformation)**   **Pathogenesis (not malformation)**   **Summation**
                                                                                                         
  Diagnosis (malformation)       135                               21                                    156
  Diagnosis (not malformation)     6                               44                                      50
  Summation                      141                               65                                    206

###### 

Analysis of the efficiency of two-dimensional ultrasound, four-dimensional ultrasound and two-dimensional ultrasound combined with four-dimensional ultrasound (%).

  Diagnostic value              Two-dimensional ultrasound   Four-dimensional ultrasound   The combined ultrasound   χ^2^ test   P-value
  ----------------------------- ---------------------------- ----------------------------- ------------------------- ----------- ---------
  Sensitivity                   70.92                        85.11                         95.74                     32.42       \<0.001
  Specificity                   78.46                        89.23                         67.69                     8.922       \<0.050
  Diagnostic coincidence rate   73.30                        86.41                         86.89                     15.90       \<0.001
  Negative predictive value     55.43                        73.42                         88.00                     17.14       \<0.001
  Positive predictive value     87.72                        94.49                         86.54                     5.166       0.076
